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THE EFFECTS OF HURRICANE CAMILLE

ON INDUSTRY, PUBLIC UTILITIF-, AND -UBLIC WORKS OPERATIONS

Final Report

SUMMARY

OBJECTIVE

The devastation and subsequent reclamation and rebuilding alonw the

Mississippi Gulf Coast following Hurricane Camille presented an .nusual

opportunity to study similar activities that would be necessary following

a nuclear attack or other large-scale disaster.

APPROACH

Site investigations and interviews were conducted in the Gulfport-Biloxi

area 1 month after the storm. Results are presented and discussed for public

utilities, manufacturing facilities, food processors, and debris clearing

operations.

This study analyzed the repair and restoration efforts that followed the

hurricane. To accomplish this:

1. Data were collected and evaluated regarding debris
removal operations

2. Recovery and restoration methods used to activate vital
facilittes were studiod and evaluated

3. Informatiron was collected and analyzed relating to
problems of recovery and restoration of the vital
functions.
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F INDINGS

Restoration of Utilities

All utilities made temporary repairs where feasible in an effort to

wentore service as quickly as possible. Electricity was restored to 60% of

the customers able to use it in 5 days, 90% in 11 days, and almost 100% ir,

15 days. Gas lines were repaired and service restored according to the

company's predetermined hurricane plan. The telephone company reestablished

long distance service within 2 days; local service tj some customers was re-

established later than 5 weeas poststorm.

Restoration of potable water service was delayed until the Public

Health Service officials could declare the water safe for drinking. Mains

were repaired and near-normal service of potable water restored within 1

week in Gulfport and 2 weeks in Biloxi.

The Gulfport sewer system suffered only minor damage, but that in

Biloxi was heavily damaged and may require the rebuilding of a significant

portion. Primary treatment began in Biloxi in 19 days; secondary treatment

was delayed for approximately 90 days after the hurricane due to

unavailabllity of replacement instrumentation.

IFestorstion of the Manufacturing and Processing Industry

8torm damage varied considerably among the facilities, Flooding caused

major damage to electrical equipment and machine bearings of low-elevation

plants; other domage was caused by high winds and water-driven debris. Plants

at highor elevations suffered minor wind damage to siding and roofs, which left

building interiors vulnerable to wind-driven, salt-laden rain.

Generally, facilities were restored by cleanlig out mud and debris and

pewfoimiag minor equIpment repair, which was done by employees. Contractor

pere•mmel were hired to repair or replace roofs and siding and to perfors

-1
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the more technical repairs on equipment. In many cases the plants were

ready to resume production before electrical service was restored. Notable

excevtions are discussed.

Restoration of the Food Industry

Plant employees performed most of the restoration work in tbj food

industry. The first task was to protect equipment and inventory from further

damage from the weather. Plants were then cleaned and minor repairs and

restoration done on plant machinery. Outside assistance was needed for roof-

ing and electrical work.

Some food processors experienced some difficulty in retaining employees

who were attracted to temporary but higher paying jobs in the debris clearance

projects.

Debris R]emoval

Th.b•.c safety and piblic utility emergency crews were severely handi-

capped by flood damage arnd debris obstructing or closing the major arterial

streets. Therefore debris clearing aimed at opening emergency lanes began

immediately after the storm subsided. Within 1 week ell major acces roads

had been opened (in many cases only to one lane of traffic); in the first

2 weeks 338 miles of streets had bon cleared and an initial 17,000 truck-

loads of debris dumped. Subsequently the removal of debris from the many

damaged and destroyed properties was undertaken. Over a 3-month period this

effort reculted in trucking over 300.000 loads to 17 emergency dump sites.

Although the Corps of Engineers, who coordinated this effort, maintained

detailed records, they were not aufficiently comprehensive to add to the

existing predictive procedures for debris removal.

-3-
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RBCOOWDTIONS

The Office of Civil Defense should continue to support directed investi-

gations and surveys of disasters, for they represen, an impor'Rnt source of

information on the effectiveness of civil defense programs. Each disaster

should be documented by a "data bank" of all pertinent information, maps,

photos, reports, etc., so that disaster and civil defense researchers can

select from a comprehensive collection of materials.

Planning guidelines shoull be diveloped for future large-scale debris-

clearing operations. Future debris- tearing operations should make use of

those planning guidelines anc should be documented by engineers well-schooled

in production rate estimating. Experiments shold be performed in the course

of these debris-clearing operations on candidate methods for improving opera-

tional efficiency.

2xisting procedures far deciding the disposition of foods that have lost

refrigeration, or canned goods whose containers are damaged, should be re-

examined, and if founl in need of revision, new guidance on safe salvaging

methods should be developed.

etbods and procedures for fully utilizing portable emergency electric

gemeratora should be aeveloped, Including those for establishing priorities

for the use of generators, distributing them, announcing their availability,

traomsOting thm, and protecting then from storm and flood.

-4-
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ABSTRACT

This report describes the results of an investigation and a

site inspection of the industry along the Mississippi Gulf Coast

following Hurricane Camille. The investigation covered public

utilities; selected samples of the manufacturing, chemical process-

ing, and food processing industries; and public works, includin6

debris removal. The major topics covered during the interviews

were hurricane plans and preparations, emergency actions during

the hurricane, damage inflicted, and restoration activities.

The results are examin~d from the viewpoint of their relation-

ship to civil defense and restoration efforts following a nuclear

disaster. Conclusions are drawn that relate to both hurricine and

nuclear disasters. Recommendations are made on measures to reduce

the effects of such disasters and on subjects warrantiag further

study.
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Section 1

INTRODUCTION

Hurricane Camille, which struck the Mississippi Gulf Coast on Sunday,

August 17, 1969, just before midnight, was the greatest recorded storm ever

to hit a heavily populated area of the western hemisphere. It was the most

intense hurricane ever to strike the American mainland. It devastated the

Mississippi coast with winds of 190 mph* and tides of 23 ft. The death

toll as of August 22nd stood at 130, just in Mississippi, and total storm

damage could pass the $1 billion mark (Ref. 1). Camille violently disrupted

normal life, business, and industry, and brought into play emergency actions

on a scale that appears to resemble what we would expect under a nuclear

attack (minus the special actions necessitated by fallout and fire). In this

respect Camille offered an unprecedented opportunity for civil defense research

and analysis. It was because of this opportunity that OCD supported research

and Investigation in the Gulf Coast area following Hurricane Camille.

Early reports from the Mississippi Gulf Coast described the enormous

quantities of debris that were generated by Camille. The Office of Civil

Defense has studied debris formation and distribution resulting from nuclear

attack (Ref. 2, for example), methods for developing a debris clearance and

removal program (Refs. 3 and 4), and methods for estimating debris removal

requireme,,ts (Ref. 5). The Mississippi Gulf Coast restoration activities

appeared to be a possible source of information and data that could be com-

pared to theme studies.

Other news reports told of the loss of electric power and telephones

because of Camille. Utilities are of course of vital interest to the Office

of Civil Defense. Industry, especially those ,egments producing food, is

also of interest. Studies for the Office of Civil Defense have covered the

spectrum of events from shutdown through damage, repair, and restoration

(Refs. 6, 7, and 8, for example). The Office of Civil Defense hoped that the

Camille disaster would yield information that would relate to these studies.

Unofficial reports gave wind velocities to 205 mph.

1(



792-2

OBJECTIVE

The objective of tAis research was to ii.vestigate the industrial and public

works aspects of the Hurricane Camille disaster as related to civil defense.

This included obtainin, information on Gulf Coast restoration efforts and

information on industrial emergency operations and damage to industrial

facilities.

SCOPE

The area of primary interest was Gulfport and Biloxi, Mississippi.

The investigative effort was spent on the study of

* debris removal

* restoration of utilities - electricity, gas, water, telephone
and sewerage services

* industrial preparation, damage, and emergency operations

Little effort was spent on EOC or shelter-related activities.

APPROACH

The work focused upon analyzing the repair and restoration efforts that

followed the hurricane. 7b accomplish this, we

1. Collected data regarding debris removal operations relating
to restoration of community functions and critical facilities
and evaluated those operations

2. Studied and evaluated recovery and restoration methods used
to activate vital facilities, e.g., power, water, gas, sewage,
anJ an oil refinery

3. Collected and analyzed information relating to a specific
community problem of recovery and restoration of the vital

functions

Information was derived from interviews between September 17 and W.tober 6,
1"91 with Industrial managers, civil officials, and military leaders; from
plant visits; from touring the area, and from reviewing the few after-action

2
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reports that have been made available to us. Very little meaningful quantita-

tive information is available at this time. Therefore results and conclusions

are mainly based on qualitative information.

A site inspection was conducted in Gulfport, Biloxi, Ocean Springs, and

Pascagoula. It included all utilities, samples of manufacturing industry,

samples of food industry, and all groups responsible for debris clearance.

All available data, including several pertinent reports on Hurricane Camille,

have been gathired and reviewed.

Significant findings were identified, discussed, analyzed, and then

conclusions developed through small debriefing seminars and conferences ,.'f

the project staff.

HURRICANE CAMILLE

The U.S. Weather Bureau gave extensive warning to the Gulf Ooast on

Camille. The first advisory recognizing Camille as a tropical storm auuthwaat

of Cuba was issued on Thursday, August 14, 1969. By 9 a.m. Friday, she was

declared a hurricane, and by midnight, "dangerous." On Saturday evening tides

to 12 ft and winds to 150 mph were predicted, but the path of the eye of the

hurricane was not predicted, except generally. This was less than s, day and

a half before the coast was hit, and many establishments had committed ttett-

selves to their established plans. Then at 3 p.m. on Sunday, when Camille was

less than half a day from the coast, the unprecedented intensity of 190-mph

winds, tornadoes, and 20-ft tides were predicted. Table 1 lists these 2nd

other important developments in Camille that were reported by the Weather

Bureau on the Gulf Co%st (Ref. 9).

Camille's path is shown on Fig. 1; Camille crossed the Gulf in just two

days and, contrary to expectations, did not "hook" and head for the middle

of Florida.

3
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Table 1

CAMILLE CHRONOLOGY

Thursday Camille was first detected as a tropical storm southwest of Cuba.
Aug 14 At 9 p.m. EDT, the weather bulletin warned that "conditions favor some

intensification" of this tropical storr.

Friday By 9 a.m., Camille was declared a full-fledged hurricane with conditions
Aug 15 favorable towards some further, intensification. No prediction as to the

course of Camille had yet been made.

By 6 p.m., the Weather Bureau advised everyone along the eastern Gulf of
Mexico to remain in close touch with future weather reports.

By midnight, Camille was reported to be a dangerous hurricane.

Saturday Small craft along the northwest Florida coast and as far west as Mobile
Aug 16 wert; advised to seek safe harbor and conditions were reported to be

favorable for ar. increase in Camille's intensity.

At noon, tides 5 to 10 ft and winds to 115 mph were Predicted, but the
Weather Bureau noted that conditions wire still favorable for some
further increase in intensity.

By 6 p.m., Camille was declared very Intense with predicted tides to
12 ft and highest winds at 160 mph. Small craft from Pensacola to
Cedar Key were advised to seek harbor.

At midnight, the Weather Bureau predicted tides up to 15 ft and winds
up to 160 mph. The hurricane watch was set from Fort Walton to Biloxi.

Sunday At 6 a.m., gale warnings were extended westward to New Orleans and
Aug 17 hurricane warnings were in effect from Biloxi to St. Marks, Florida.

By 4 p.m., the Weather Bureau predicted tides to 20 ft, winds to 190 mph,
and toriadoes.

At 7 p.m., hurrieane force winds were reported occurring at the mouth
of the Mississippi River. Tlrnadoes were considered likely up to 100
miles inland and heavy local rains of 8 to 10 in. were predicted.

Monday By 4 a.m., Camille had begun to weaken. Highest winds were estimated
Aug 18 at 120 mph. Camille had crossed the coast and wan centered abolit

20 miles from Hattiesburg, Misaissipppi.

At noon, Camille was about 50 miles north of Jsckson, Misalssippl.
Highest winds were about 50 mph a'o tides along the coast were falling.

Source: ZSSA (Rof. 9)

4
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Fig. 1. path of Hurricane Camille, Aug 14-22, 1969

The damage and destruction from Camille insmapped In Fi. 2. The hoaviest

destruction occurred on the coastline,/sp@cially in low-lyinS areas. "ch

of this was attributed to the wind-whipped tidso' flooding tbos a reas, Aug-

.nted by the full fury of the wind%. TIl Intensity and extent of damage

dininished considerably imm~diatel, tbovr tht, high-tide line. The1n wind

damage gradually diminished as Camlle Is appItself while moving northward

across land.
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SOURCE.

Map based on information compiled U. S, Aimy Carps of Engineers

by the Red Cross Mobile District
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Fig. 2. Map of Dnasg* end Destruction Levels
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Section 2

?UIDIIOS

The interview findings are grouped by industry class (under the headings

of "utilities," "manufacturing and processing industry." "icod industry") and

under the general heading "debris clearance."

UTILITIES

All major utilities in the Gulfport-Biloxi area were covered by inter-

views. These included the electric power company, the gas distribution

company, the telphone company, and the Gulfport and Biloxi water and sewer

companies.

The electric, gas And telephone utilities had hurricane plans and imple-

mented these plans upcn receiving warning that the hurricane was forming

sotithwtst of Caba, even though this was more than 600 miles away and t-ie .xpec-

tarion was that it would cross the coast at Florida, not Itississippi. All of

these companies set up plans for calling in repair crews from distant parts of

the system or from affiliated companies in the South. All utili~tes used

temporary repairing techniques, where suitable, for the preservation of sur-

viving equipment and the early restoration of service (Fig. 3,.

The gas and water companies .ttempted to mainttir scew positl.2 pressure

in the distribution system mains In order to reduce or 2void their contasmins-

tior. As a result of this policy, these companies had an Iimediate post-store

high --"ork)oad of plugging leaks and isolating destroyed sections. Th' electric

and telephoný, utilities did not have this proOlem.

"Mhe rate of restoring service was limited more by th', availability of

technically tr-aied repair msanpowcr than it was by: the a-railabil ty of repair

ms~erials. This appeared to be the case even though repair aanpemwr was draw

7
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qa

Fig. 3. Twiporary OPrSAl- of Electric Power Distribution
Sy&tem: Stubbed Pole (Sept 1969)
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from a very large area of the South. Iowever, in order to keep well ahead of

the demand, massive quantities of repair materials were shipped into the disas-

ter area from all over the country. Planning for the restoration of service

was uncomplicated, i.e., we found no evidence that any planning group made

detailed or sophisticated resource allocation evaluations and decisions. We

believe that such evaluations were not made by them because the massive support

from outside the disaster area made such evaluation apparently unnecessary

despite the magnitude of the destruction.

The distribution systems of the utilities were severely damaged. Rspair

crews required mobility and access to damaged parts of the distributior system.

Light debris on roads seriously hampered mobility by causing flat tires on

repair trucks. This problem was alleviated somewhat by a tire repair company

that repaired tires in a shop, loaded them on a truck, and delivered them to

the field where they were needed, trading repaired tires for punctured tires,

then repeating the process.

Traffic along those routes that were open was unusually dense. Since

traffic signals were inoperable, the result was severe congestion, which impeded

the movement of repair vehicles and slowed the progress of repair and restora-

tion. These conditions improved when the Nattonal Guaro controlled traffic

into the zifected area and after the public works department and private con-

tractors opened additionaý routes by clearing debris.

Ned repair crews from outside the ares not been available, the rate of

restoration of service, it is estimated, would have been reduced to onw-k1.lf to

one-tenth the rate that was achieved.

These comments apply generally to all of the utilities. Comments regard-

ing specific companies are given below.

9• )
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Mississitipi PIw Company

The Mississippi Power Compqny is a subsidiary e' the Southern Company.

As a part of its hurricane plan, it distributed equipment and supplies from

the central warehouse to local repair yards, where they would be more avail-

ahle at the expected point of need and where they would be less vuinerable

to a freak accident. As another preparatory action, repair crews fmwm affili•

ated power companies were mobilized so that they could be sent into the Gulf

Coast area as soor as winds subsided,

As Camille crossed the coast and mGced northward, power ptles and power

lines were blown down by the wind and knocked down by falling trees. Service

deteriorated rapidly, and by' about 2 a.m. August 18, the Mississippi Gulf

Coast was virtually without electric power. The failing power lines started

several fires, but these were apparently minor and of little consequence.

Southeri Serviccs, Inc., Birmingham, the Southern Company's service

organization, was contacted early Monday morning, August 18. for help in

securing additional line crews from Mississippi Power's sister companies in

Alabama, Georgia, and Florida. This enabled Mississippi Power Company rer-

sonnel to concentrate on immediate repair problems.

The extent of damage and st:.tus of ,he power distribution system on

Monday morning, August 18th, as described in Ref. 10, are shown fn Fig. 4

and tsbulated below, The Jack Watson power plent, the largest on the

Table 2

ELECTRIC POWER SYSTiEM TRANSMISSION LINE DAMAGE

Trans•isssion Percentage
Line Out of Service Structures Down

230 kv 35 67 towers

l15 kv 65 51 H-frames

46 kv 77 56 poles

10
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Mississippi Gulf Coast (Fig. 5), suffered only minor damage, but the 230-he

transmission line (Figs. 5 and 6) was extensively damaged.

Approximately 1600 specialists were brought in from affiliates during

restoration operations. Oh the peak day of activity, approximately 1350 line

personnel (the cq.ivaelent of 300 crews) were working in the area. The normal

complement of repair specialists is about 100.*

The estimated rate of restoratiun of service, based on available data,

is shown in Fig. 7. Several thousand pre-storm electric customers sustained

severe damage and were una'ie to accept service within a month after the

storm. However, within 5 days after the storm, the power company was able

to re-energize 60% of those ne-ding power and almost all others within 15 days.

Repair crews worked on an area-wide basis according to a pre-planned set

of priorities, This method of operation greatly simplified supervision and

management problems and also diminished the need for centralized communicatior.

Distribution system restoration priorities are prescribed in the estab-

lished Hurricane Bulletin under "Work Assignments." The sequence of restora-

tion k.s as follcos:

1. Necessary sub-transmi-sion feeders

2. Substations

3. Essential service customers

9 Hospitals and clinics
9 Waterworks
* Sewerage facilities
a Food processors and distributors
* Ice plants

The feeding &nd lodging of this large number of persons would have been diffi-
cult under the best of circumstances. This problem wa3 magnified following
Camille because such a high percentage of the restaurants and the motels were
destroyed by the hurricane; hence lodging and eating facilities were critical
items and will be included in revised hurricane plans.

12
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Fig. 5. Plant Jack Wetson, Principal Gulf Coast Steam Electric
Generating Station, and 230-kv Transmission Line

Fig. 6. Collapsed 230-kv Transmission Tower

13
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Fig. 7. Miusissippi Power Company'. Recovery from Hurricane Camille

4. Feeders

* Individual customers served by undamaged line from feeders
* All customers having service entrance wiring in adequate condition
* Other customers

5. Undamaged primaries (fuse replacement only)

6. Damaged primaries

7. Secondaries

8. Services

9. Street lights

14
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Downed power wires represented a potential hazard to the populace, so

the power company periodically issued safety bulletins t radio, television,

and newspaper throughout the day. There were no reporti, of lectrical injuries

to citizens from these downed wires.

United Gas Distribution Company

Hurricane plans were implemented. This incluoed shutting off service to

customers on the south side of U.S. Highway 90 along the beach. Service to

the city of Pass Christian was shut off after tf-v hurrIcane due to the magni-

tude of the damage to the homes and businesses in that area. Service to the

balance of the system was maintained.

System damage was confined mostly to the beach area and resulted chiefly

from structures tearing loose from their foandatit)na and gas connections.

Some uncovering of gas mains resulted froim water wave action, as indicated in

Fig. 8.

The 32 service and construction employees and approximately 25 vehicles

normally working in the Biloxi-Gulfnort ari•a were augmented by additional

company personnel from other operating areaFi of 'he company in Mississippi,

Louisiana, and Texas, increý,.sing this wo.'k forc( to 127 men and 68 vehicles.

In addition, 30 to 40 contractor per3onnel assisted in restoration work.

Both plugging of severed lines and service restoration work were per-

formes mainly on a bloc4-by-block basis, with additional manpower in reserve

for oi-call work.

Smell severed lines were plugged by driving wooden pegs into pipe ends

or b, the use of expansion stoppers as temporary repair, followed by permanent

repair later. Larget .,ines were shut off by pipe squeezers and by welding the
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Fig. 8. Damage to Gas, Water, and Sewer Mains Near the Beach (Sept 1969)

ends closed. In spite of extensive damage to United's distribution system,

there were no fires, explosions, or injuries as a result of gas leakage. This

is in part attributed to the fact that natural gas is primarily mahane, which

is lighter than air, and that winds were strong enough to dilute the gas below

the explosion point.

Repair crews and others who came into the Gulf Coast area from other

locations were hampered in their local travel by the fact that street signs

had blown down during the hurricane. Wherever possible local non-technical

personnel, such as company salesmen, were assigned to one or more repair crews

to act as guides.

The hurricane plans for United Gas Distribution Company were judged by

the oompany officials to be sufficient for preparing for and recovering from

Hurricane Camille.
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South Central Bell

The South Central Bell telephone system provides service to the states

of Mississippi, Alabama, and Louisiana. As a part of its hurricane prapaza-

tions, the telepi.'ne company alerted crews from northern districts and affili-

ated companies well in advance of the storm. Then a "hot" line to Jackson

was established from the Gulfport-Biloxi area. At midnight on August 7Th

the hot line was used to call the crews into the Gulfport area.

Traffic managers of South Central Bell made 15-minute checks on circuit

traffic beginning many hours before the storm. Limiting det.'ices were installed

primarily on long distance circuits so that outgoing long distance telephone

calls would have a degree of preference over incoming long distance calls.

Some of this limiting action was required pre-storm, but the heaviest limiting

occurred after the storm.

The telephone company lost about 80% of its Gulf Coaut long distance

circuits, more than 80,000 public and domestic telephones (or about three-

fourths of the pre-storm total), and about 700 poles. The long distance sub-

marine cable acrosa Bay St. Louis, which carried about 800 circuits, was lost.

Several types of temporary repairs were made. .The Say St. Louis long

distance submarine cable was replaced with a cable laid on the railroad

trestle across the bay; this action we& completed within a week after the

disaster. Supplementary long distance circuits were provided by portable

microwave units set up in downtown Gulfport. Temporary telephones, both long

distance and local, were set up on plywood panels at prominent locations in

Gulfport, Biloxi, Fazs Christian and Bay St. Louis.

After the storm subsided, telephone company engineers performed a 'broad

brush" survey In about 3 days to Adentify the locations and extent of major

damage to the system. Detailed planning for recodstruction and repair was

held to a minimum by repairing lines according to a pre-established set of

priorities. An estimating crew would precode the construction crew, usually

17
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by a few d&ys, to make a detailed survey of a damaged section of the system.

This survey included a complete listing of all parts and equipment required

for rostorrLng that portion of the system to pre-storm conditions as specified

by blueprints that were available. The materials were drawn from stores and

put on the repair trucks; the construction crew then proceeded to rebuild the

system to original specifications.

Cable troubles were amonr? the more serious disorders; 2900 were reported

its the service area, mostly along the Gulf Coast. Both aerial and (to a

lesser degree) underground cables, containing perhaps several hundred tele.

phone pairs (one pair per circuit), were torn, severed, and otherwise damaged.

Often moisture leaked into damaged cables and seriously degraded signal

quality. Restoration, splicing, or replacement of a multiconductor cable is

a tedious, labor-consuming task.

Miraculously none of the central offices (there are about eleven in the

Mississippi Gulf Coast area) was seriously damaged. The central office in

Pass Christian was saved by the employees who sandbagged the low openings and

effectively prevented flooding by seawater. On the other hand, thirty-seven

private switchboards (PBX) were completely destroyed and nine partly destroyed.

(Some of these were not needed post storm because the businesses they served

had been lost.)

A problem peculiar to the telephone company became evident. When a

station that had been severed from the line was called, the calles heard a

normal ringing sound, leading him to believe that the station was functioning

normally. The caller was thus prompted to continue ringing and wait for his

oonnection to be completed. This peculiarity in the system resulted in incom-

Lug long distance ctlls tying up the lines for extended periods. The problem

was alleviated through the tedious procedure of manually identifying stations

on severed lines and then installing interceptsa on each line.

An lnt4rcvpt is a roeorded message stating that the station called is
tieporarily out of service.

is
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Water and Sewer

The cities of Gulfpcrt and Biloxi each have independently functioning

water systems and independently functioning sewage syst(- s. They ar,; crated

under each community's Depatment o Public Works.

Water

The Gulf Coast area has abundant water available from sha1low wells. It

is drawn from these wells by electrically powered pump.,-- Some etc *jje capacity

and hydrostatic head is maintained by water towers. Several of the pups- have

standby diesel for emergency *)ower.

The Gulfport water system has blocking valves so that portions of the

system can be isolated _tslectively. Further, t is system has standby gasoline

or diesel motors on three of its pumps. The Biloxi system has no blocking

velves.

Pre-hurricane preparations included topping off the Gulfport 850,000-gallon

tower to give it stability against the winds and then valving it off to provide

an emergency source of water for fighting fire. In addition, electricians and

well-maintenance crews in Jackson were alerted.

Post-hurricane survey revealed that 25 percent of the Gulfport water dis-

tribution system was damaged and normal power was lost to all pumps. After

the hurricane, damaged pai-ts of the system were isolated with the blocking

valves and at three locations diesel-driven pumps ware activated to maintain

pressure. The Gulfport system never fully lost positive pressure. On the

other haLC, the Biloxi system, which also lo3t power to all pumps, had breaks

which were not all sealed for 3 days and therefore it did lose all positive

pressure and was contaminated.

The State board if Health suspected all Gulf Coast water supply systems,

from Waveland to Biloxi, to be contaminated, and issued warnings to the public,
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via loudspeaker trucks, against drinking untreated water (Ref. 11). Some

information sources indicated that tests of Gulfport water never did show

contamination, but the Board of htealth reported contamination. The Gulfport

water supply was cleared of contamination on August 22, 4 days after the

hurricane (Ref. 11). It was reported to be approved for drinking about L

week after the hurricane. Tests showed that Biloxi water was heavily con-

tamineted. The Biloxi waLer system was superchlorinated and was clear of

contamination on August 28, 10 days after the hurricane (Ref. 11), and reported

to be approved for !Arinking 2 weeks after the hurricane. These delays, 1 week

for Gulfport and 2 wecks for Biloxi, in restoring running water of potable

quality worked R considerable hardship on the population.

In Pass Christian (which has its o-•n water system), some residents

objected to the heavily chlorinated water when the system was restored and

so they reactivated some old wells which gave them good-tasting (but untested)

water. Subsequently many of these people became ill, presumably from con-

taminated well water.

Hurricane preparations ar- being changed as a result of the experience

gained from Camille. The blocking system is being realigned and two additional

standb:y engi.es will be purchased. The well equipment that needs rebuilding

will be constructed more sturdily.

Sewer

The Gulf OCast area is barely above sea level. Therefore sewage flows

by gravity from the source to aumps at lift stations, where it is raised by

olectrically driven pumps or eductors and then flows by gravity to the treat-

sent plant, where it is given primary and secondary treatment (some of the

mnaw" might be lifted In two stages). The Oulfport and Biloxi systems are

substantially the same. The main difference is that the Biloxi sewage system

io generally at a lower elevation than the Gulfport system. The only pre-

attack preparatioau. taken were that neverul of the lift-station electric motors
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in the Biloxi area were removed and stored on high ground at the sewage treat-

ment plant. This effort proved to be fruitless as the motors were flooded by

the snanticipated extra-high tide.

After the hurricane, limited service was restored in the Gulfport system

by pumping out the sumps of the lift statiori by means of cesspool cleaning

trucks. T`..ee of the stations were inundated and the motors soaked with salt-

water. Mary service ccnnectionq along the beach were broken. There was no

electric power for the lift station pumps. Lack of city water, becsuce of the

impaired water distribution system, helped the sewerage system because less

water was used, and therefore less sewage lifting capacity was required.

Consequently, the cesspool cleenout trucks were able to keep up uith the

load.

Both Biloxi and Gulfport baked the clectric motors to d'y them out.

The city of Biloxi re-installed these motors even though it was recognized

they were not su'table for permanent service. This was done under the

assumption that replacement motors for the pumps would !a obtainable from

outside the Gulf Coast area in time to maintain a continuout qerv4;,t. These

motors operated satisfactorily for a while, but eventually they overloaded

and shorted out and were saverely damaged. Nevertheless, the city considered

tnis tactic for rapidly restoring service was Justified for public health

r-easons.

Sections of B.lox1 were underwater during the height of the storm. The

sewage system filled with water, and when the tide subsided It was left with a

positive head of wstcr. Furthvr, because the pt.'ps were damaged and without

power, this positive pressure could nut be relieved. As a result, there was a

very unusual "domino" effect uf duage. The positive pressure inside the sewer

eventually blew out many of the joints and, since these sewer pipes are buried

In fine sand in many parts of the town, the sand begat. to sift through the

leaks In the joints and i;ito the sower. This in turn left voids under the
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pavemeait of city streets ir. many places. Subsequent heavy traffic. on the city

streets broke down the paveLment, exposing potholes. The resulting damage to

the street system and to the sewer system was so serious that the city is con-

templating replacing large .'ortio.s of the sewage system.

The Biloxi sewage treatment plant was inundated and all controls were

flooded with saltwater. The following table indicates the restoration of

se% %,-e service for Biloxi.

Days After
Hurricane Date Event

0 8/17 Hurricane Camille hit

Gulf Coast

8 8/25 Two sewer lift stations

were partially operable

12 8/29 MarLal chlori?•atica of

sewage begins

13 8/30 Two educto? stations in
operation

19 9/5 Primary sewer systems serv-
ing 100% of the people

approx 90 approx 11/18 Secondary treatment begins

Primary treatment was begun after 12 days by manual operation of the plant.

However secondary treatment was delayed for an extended period because critical

electronic instruments and controllers were unavailable even though a nation-

wide search was initiated for them.

MANUFACTURING AND PROCESSING INDUSTRY

Almost all .ndistrial establishments took heed of the hurricane warning

and made preparations for the h~gh wind and high tides. Most establishments

shut down (many shut down routinely over the weekend anyway), cleaned up, and

secured all the gear that might be blown about by the high winds. Plants were
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then either evacuated or staffed by security guards. Those facilities that

could not shut down completely - mostly because of high-temperature furnaces

requiring more than 3 days to cool - recruited emergency crews for maintaining

the plant equipment on a standby condition.

Storm damage varied considerably among tie facilities. Low-elevation

plants suffered water damage, especially to electric motors, electrical con-

trollers, electrical terminal boards and the bearings of rotating machinery.

Some of these also suffered damage from water-driven debris (Fig. 9). The

plants at higher elevations suffered minor wind damage to siding and roofs,

which in turn left the interior of the plants vulnerable to wind-driven rair.

and saltwater. This water daiu•ged electrical equipment.

Plants were restored by cleaning them up, repairing damaged siding, and

by cleaning and repairing or replacing electrical equipment and bearings that

*I'h AA

Fig. 9. Small Machine Works Badly Damaged by Debris-Laden Tide (Sept 1969)
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had been damaged by water. In all but a few cases, the damage was minor and

the plant staff assisted materially in restoring the plants. The plant staff

in general was able to clean out debris and mud and to clean and refurbish

electric motors and electrical terminals, etc. Contractor personnel were

brought in to repair building siding and roofing and to perform the more tech-

nical repairs and refurbishing. In many cases the plants were restored and

ready for production before electrical service was restored. Notable excep-

tions are discussed in the following paragraphs.

Standard Oil of Kentucky

This petroleum refinery is located in Pascagoula, Miss., and has a normal

capacity of about 135,000 bbl a day (Fig. 10).

The plant has three types of shutdown, a crash down taking 2 hours but

possibly causing severe damage to some operating units; a safe shutdown taking

about 12 hours and much lebs harmful to equipment, and an orderly shutdown which

takes 48 hours and does not apply unusual stress to equipment. With any type of

shutdown, the plant normally maintains operation of its steam plant so that

steam-traced lines may be heated and stand-by pumps operated. This open-air

plant has found that It cannot safely operate with winds in excess of 50 mph

because of the hazards to personnel from flying debris. Therefore the manage-

ment elected to proceed with the orderly 48-hour shutdown and to evacuate the

plant except for a small security force.

During the storm, the steam plant and all emergency power were incapaci-

tated by the tide flooding the plant to a depth of about 4 ft - which was also

the major source of damage. Electrical items and the bearings of rotating

machinery were damaged. The total damage ran into the millions of dollars.

Restoration of the plant would have been impossible without supplies and

parts obtained from outside the area and, in many instances, from great dis-

tances. Bearings and electrical parts were the most critical items. The

plant's own work force was augmented by 80 refinery men imported from affiliated
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Fig. 10. Standard Oil of Kentucky, Pascagoula Refinery (Sept 1969)

companies across the United States and by 400 contractor personnel not accus-

tomed to working in oil refineries. (They appeared to work at about 50% of the

efficiency of the oil refinery men.) In addition, 650 electric motors were

sent out for repair. Electrical power service was restored within 2 days.

The plant was restored and ready for production after about 1 month. Without

the imported help, the plant would have been out of service two to three times

as long.

The amount of damage to this oil refinery by flooding is very dependent

upon the depth of floodwater. Had the water depth been 3 ft le•;s (that is,

just 1 ft), damage would have been almost insignificant. However, had the

depth been 2 ft greater (that is, 6 ft), instruments and controllers would have

been submerged and the amount of damage would have been enormous. The manage-

ment of this plant is now considering diking, either a peripheral dike or dikes

around individual units.
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Olin Aluminum

This establishment manufactures extruded aluminum shapes and has about

178 employees.*

The plant h-As a shutdown plan to be executed in the event of hurricane

both to protect personnel and to protect the aluminum furnaces, which if
"crashed down" could take as long as 5 months to refurbish. The hurricane

plan was in force 36 hours prior to the expected time of the hurricane's

arrival. The casting house was shut down 24 hours prior to the storm. Then,

on Sunday, the mill was shut down, which took about 5 hours.

After the storm, an equipment damage survey was performed in about

3 hours by one experienced man. Significant equipment damage was limited to

one 6 0-hp motor, which is considered minor for this plant. However, obtaining

a replacement motor was very difficult. During the restoration period,

absenteeism was minor and did not hinder the progress of restoration. Electric

power was restored within 2 days (the plant is a large consumer of electric

power), and production was resumed in 8 days.

Glenbrook La:,)oratories

This plant manufactures milk of magnesia and has a large pharmaceuticals

warehouse. The establishment has approximately 85 employees.

The plant (except for the chemical processing area) is routinely shut down

on weekends and offers no significant shutdown problem. It has its own well

and a 75,000-gal standpipe. A portion of this capacity (50,000 gel) is

reserved for firefighting and leads directly into the fire ,rotection system.

Workforce data derived from the following sources: "Principal Manufacturing

and Processing Plants, Gulfport, Mississippi," prepared by the Gulfport Chamber
of Commerce and "Community Audit for Biloxi," prepared by thR Director, Biloxi
Port Commission.
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The chemical processing plant was shut down prior to the anticipated

arrival time of the hurricane, and a number of employee's families sought

shelter in the plant. The plant suffered little damage.

Electric power was restored 4 days after the storm and production

was resumed in about 7 days.

The emergency plan for the facility is being revised to include emergency

power for lighting.

Gulfport Glass

This establishment manufactures glass battles. It is located adjacent to

Glenbrook Laboratories. It is the source from which Glenbrook obtains all

its bottles. Gulfport Glass has about 172 employees.

The plant's hurricane plan includes shutting down production and stopping

the pouring from most furnaces. However, a few of the furnaces must keep

pouring slowly or the pour throats will freeze, and unblocking is a tedious

process. The plant has a 125-kw emergency electric generator, whtnh is suffi-

cient to maintain the minimum required forced draft to the fuinaces that must

keep pouring.

When the hurricane plan was put in effect, plant production was shut down,

the generator wai tested, and an emergency crew to maintain the furnaces was

recruited (23 men volunteered). The events of major significance to this

plant are tabulated below.
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Time After
Hurricane Event

2 hr Roof leaked and rainwater shut down the
emergency generator

5 hr Generator was returned to service

5 hr Insufficient water pressure to supply
glass cooLing wtcer. Pouring throats
froze

2 days Electric power was restored

2 days 50% of work forc reported for duty

5 days Pouring throats cleared

8 days Water pressure was restored

10 days Production resumed.

The plant suffered little damage from the storm. However loss of some

weather protection allowed rain and saltwater to blow into the facility,

drowning the electrical controller and causing the emergency electric genera-

tor to shut down. Gas to the furnaces was still available, and the generator

was restored to service in tire to keep the furnace pouring throats from

freezing. However glass cooling water (from the municipal water supply) was

lost and pouring was stopped to prevent the buildup of intolerable heat.

The pouring throats froze at this point.

The plant was ready to begin production 8 days following the hurricane.

However, water pressure wan still Low and the plant might have consumed so

much water during production that neighboring residences would have been

deprivod oi sufficient water. Therefore the management elected to delay the

restarting of production until 10 days after the storm, when sufficient water

pressure was available.

The plAnt must have outside utility support of gas and water in order to

maintain furnace operations during an emergency. A mutual aid agreement between

this establishment and Glenbrook Labs would be worthy of exploratioii. Perhaps

Olenbrook Labs could supply water to Gulfport Glass for an emergency period.
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However, if the minimum flow rate required by Gulfport Glass would signifi-

cantly deplete Glenbrook's reservoir, then Glenbrook would need additional

emergency electric power capacity in order to operate pumps to replenish its

reservoir.

Gulfport Glass is in the process of building a new warehouse. The speci-

fications for this new warehouse will include additional strengthening so tbat

the warehouse can withstand severe wind loadings.

H_.K. Porter Co., Inc.

This moderate-sized plant extracts magnesium oxide from seanater, com-

bines it with chromium oxides, and fires the mix to form refrnactory bricks.

The market is in the steel industry, primarily in Chicago, Ill., Pittsburgh,

Pa., and in Birmingham, Ala. The critical portion of this plant includes two

tunnel furnaces at ground level maintained at 3300F and 32007F.

The furnates require a cooling period of 8 days and no preparations were

considered feasible to protect them. However a small security force stayed at

the plant. During the hurricane, as the tide came in and hit the hot furnaces,

a tremendous volume of steam was gezerated, which eventually forced the crew

to evacuate the vicinity of the fursaoes and seek refuge in an elevated place

well away from the furnaces. No corrective action was possible.

Miraculously the furnaces were not seriously damaged or collapsed by the

water. Apparently the furnaces were so hot and the durat.aoa of the high tide

so short that the water did not cool the furnaces unduly. On the other hand,

other damage and losses amounted to more than $1.5 million, mostly through

damage to electrical items and rotating machinery. In addition roofs and

siding of buildings were damaged.

Many blueprints of the plant ware damaged or lost. Although some of the

damaged prints were recoverable, the unavailability of many others was quite

detrimentas to the restoration effort.
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The first priority for restoration wan the emergency power plant.

Commercial electric power was unavailable for several weeks, therefore the

company's own power plant materially aided the reconstruction effort.

Most restoration effort was supplied by plant personnel. The plant

received good cooperation for manufacturers and suppliers of replaccment

parts and instruments. Hcwever even after more than 30 days following the

hurricane, production still had not been resumed.

In its future emergency planning, this plant may consider duplicating -

or microfilming - vital blueprints for vault storage.

Coastal Chemical Corporation

This small plant manufactures ammonia (500 tons/day) and phosphoric acid,

sulfuric acid, and diammonium phosphate. The plant operates continuously.

Shutdown in preparation for the hurricane began 4 days before its expected

arrival. 7he plant could have been shut down safely more rapidly if nec,ýssary.

The pneumatic instrumentation used in this open-air plant, which was

exposed to the rain and saltwater, was virtually undamaged by the stor-,.

However electrical equipment was damaged.

Almost all cleanup and restoration was done by plant personnel aided by

repairmen from Westinghouse Corp. Electric power was restored in about 4 days.

Mw lack of electric oover for lighting was a sajor problem Initially, and

the plant obtained several extency electric power genersL-rw for illumi-

nation and for refrlgerstim of the liquid ammonia (to reduce product loss).

Partial pooductIon was begun within 2 weeks and full restoratior, of

production achieved In 3 weeks.

The plant emergency operating procedures will probably be revised to

includg emergency power. o•mever the facility is designed to fail safe so

that loss of thm electric power does not give rise to safety hazards.
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Resin Manufacturers

Three small plants produced condensation-type resin (poly-type resin)

from petroleum fractions by polymerization. These resins are commonly used

for coating paper and for making phonograph records. Chemfax Company, with

33 employees, operates on a batch process, as does the Alpine Division of

Masonite Corporation. Delta Division of Reichhold Chemical Corporation

(Fig. 11), with 50 employees, operates in a step-wise continuous process.

Orderly shutdown of these plants requires about 8 hours maxintm. A

crashdown in less than 2 hours would not leave time to empty and clean the

reaction vessels and the resins would set up in them, creating a major

clean up problem and perhaps a fire and explosion hazard.

The two batch process plants were shut down for the weekend as a normal

course of action; later, electric power waa disconnected at the mains. The

continuous process plant was -hut down in an orderly manner. All three plants

were left unattended.

Fp

Fig. 11. Reichhold Chemical Corporation, Oulfport (Sept 1969)
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The hurricane damage was limited to direct wind damage and damage caused

by wind-driven debris. These plants w..re all above the maximum level of the

tides.

One of the three plants i•ad a sto'sce yard ccont.;,z•ig several hundred

empty metal druws. These could not be fasteaed down or removed hefore the

storm. The wind scattered these :iruws, causing heavy damage to the aiding

of several biildlngý'.

Another of the plants was dszigned for 10 0-mph winds. It suffered very

little damage (fortunately, there was no loose material in the yard to cause

damags).

Following the hurricane, pist personnel performed almost *M i o& te

restoration work. Electric power was restored in 22 days to 2 %ec~c; e elkr' )e

cosomicatlons for one plant was cut for over S weeks. The olanz that zeceived

the power within 3 days was able to restore two-third!s of Its operetto~is in

4 days. Production was limited by coatinued shortage of nor'wnnel.

Mone of the plants bad emergency electric power. Xj a result, a sudden

and prolonged loss of commercial electric power would c•astitute an unexpected

crasbdown, causing resins to set up and producin d*sage to equipment. Two

of t*he plants had water pumps driven by prive ._vero to suipply cooling arid

firetighting water.

Mrrlcane and disaster plans for these plants, when they are revisgd,

will probably take into account procedurea for the o'.l. of loose equipment,

aefhdow progedures and fire protection procedur*s.
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Gulfr Publishing Company

This establishment publishes the Dily Serald, which is the major daily

newspaper of the Rississippi Gulf Coast. It employs approxiaately 90 persons.

The company prepared for the storm by 1,'ording up the unny large plate

glass windows and by placing plastic tarps over some of the equipment (even

though th- equipment was inside the building). Ti •n the plant was secured.

Some people remained in the bu.Lding oVsrnilgb to gather the news. This was

dispa'cbed to Columbia, South Carolina, as long as telophonw communication

was available.

During the storm the plant was flooded with about 18 In. of water, which

brought In large quantities of mud. This mud fouled electric motors and other

dquipment located on the floor.

After the storm, employees cleaned the plant. An electrical contractor

(W4u no ;wally maintains the plant's electrical equipment) was hined to service

motors; tha curnany had no problem In securing his services. Cleeag&* of the

usnt -: electrical repairs were ectually corpleted by the end of the third

day fol"owing the storm; ooinctftentally, 14ictric power wan restored to the

plant. At th-a Wginning of V:- ýourtb day, ýthe plant was in full operation,

and the paper was publisbed in Giufport that att)ain.

Vrery edition of the 1!stlL._ rsed was pubishe, While Owhe Culport

plant was out of servitce an abbreviatied version of the pker was Pla8hed

in Columbia, South CarolIna, then flown to Gulfport, wbere It was distributed

free to the Gulf Coast r*skd-nts.

Timber In!usta

The pin4 forests of southern Miasisslppi were very badly damaged by the

hurr1cane. Thit -•a"Se was almost entirety the rvsult of wind stressing the

wood berici, its elastic limit, causing internal splintering and aubsequent

death of the tree (Fig. 12). Dead trees are rapidly attacked by insecte and
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Fig. 12. Doriage to Timber by Wnd, Ncar Waveland, Mississippi

subjeci. to "staining" (a fVrm of mold or milcicw,. Such timber grades out

loaer than prime timber, and if the attack is serious enough, the timber is

worthless. Between 35 and 50 million board feet of timber was downed in the

101,000 acres of nati.onal forest. Total amouat of downed timber in the state

was estimated Pt 1.8 billion board feet. The cstimated potential value of the

downed timber was $50 million. The iorestry commission estimated that the

timber could start staining -ithin 6 weeks under adverse conditions but under

favorable conditions might last through winter safely.

Most i;imberland is farmed by landowners who contract for timber grading,

cutting, hauling and shipping services. Their choice of action is therefore

dependent upon the availab'lity of these contract services. Further, the

price of timber is -•omewhat subject to the laws of aupply and demand as well
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as the ability of the sawmills and pulp millv to handle the volume of thp

material.

T7 avoid flooding the market or overtaxrg the transportation network,

the possibility of cutting and storing the damaged. timber was exploi-ed.

Sprinkled timber or timber floated in ponds can be stored without darage for

extended periods of time. This alternative method of handling tinber is

limited by the amount of contract labor available to build ponds and the amount

of labor and materials available to erect sprinkling systems. F:rther, these

storage methods add cost to the, tiniber. Also there rere demands for these

contract services from outside the timber industry.

This situation, with its numerous interrel'-Ited influences, appeared to

afford the opportunity for a detailed resource allocation evaluation. Such

an evaluation was not performed for a number cf reasons, among which were:

# The possible economic payoff was not clearly presented

* State officials did no t have ready resources for making such
an evaluation

e The means for implementing such a plan were not ewident

* Time was deem'ed to be too short

In short, the State Forestry Commission representatives felt that the

economic situation could not be mate.:-.i. lly improved because all available

resources and services were bel.ng fully used.

FOOD INDUSTR1Y

Sample facilities of the food industry were selected for study, including

a fish cannery, a pecan sheller, a bakery, a bottling pl.ant, a meat packer,

a milk distributor, and the driry association. Most of these extablishments

arr small. employiz between one and two dozen people.
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The food industry establishments away from the beach had no hurricane

plans. Only the dairy association took steps to protect itself against loss

of electric power. Most food plants can shut down and clean up their operation

fast enough with normal hurricane warning.

Emergency repair work was commonly done by plant employees and was aimed

at protecting equipment and inventory from the weather. Then plant empi3yees

cleaned the plant and did minor repair and restoration work oi'.k plant machinery.

The most common types of outside assistance requested were roofing con-

tractors and electrical contractors. Roofing contractors were the most urgently

needed to assist in making temporary repairý of roofs to protect equipmnnt from

possible future rain damage.

After the hurricane, some food processors had difficulty in retaining

their work force because local temporary high-paying jobs attracted their

common laborers.

Seafood Cannery

The seafood industry, mostly at Biloxi, was hit especially hard. The

most severe damage appeared to be caused by the high tide, waves, and water

and wind-driven debris. There were indications that, in some cases, extensive

damage was caused by the tornado-like winds that struck before the w9ter waves

hit. Of the 14 plants, 12 were still out of operation 1 month after Camille.

Figure 13 shows the typical appearance of the industry's structures at this

time.

Mavar Shrimp and Oyster Co., Ltd., which is located on the Gulf water-

front, employs about 100 persons, and normally cans seafood as pEt food all

year, and seafood for human consumption during the summer. Hurricanc pre-

cautions began Friday, more than 60 hours before the hurricane struck.

These precautions inciuded, among other things, removing electric motors
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till

Fig. 13. Cleanup and Rebuilding of Fish Canneries on Gulf Side of Biloxi
(Sept 1969)

and taking them to high ground, tying down all loose equipment that could be

secured, and moving product inventory to high ground More precautionary

acttons were planned than could be accomplished during the 3 days available.

I During the course of the storm the facil•.d4y structures were extensively

damaged; much of the buildin. ,!ding and processing equipment was destroyed.

This cannery can be s~en on t.az left of Fig. 13. The worst aspect of the

water damage was that the tide was higher than anticipated and inundated the

hig'". ground where th• motors and the product inventory were stored, thereby

nullifyirig much of the storm Freparation effort.
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Botling Plant

The Seven-Up bottling plant (Fig. 14a) with 15 employees produces soft

drinks in both returnable and ron-returnable bottles. This plant uses water

from its own wells and imported syrups and extracts. Products sold in cans

are purchased from out of town contract canners, distributed on a franchise

basis but not produced locally. The building suffered moderate damage, mostly

to siding, doors, and roofs. Equipment damage was minor, but the plant did

sustain some damage to inventory. Temporary repairs to the structure

and permanent equipment repairs took a total of 2 man-months. Half of this

effort involved plant personnel; local carpenters did the rest. The plant

was ready for operation in 1 week.

Thirty percent of the plant's customers were beach establishments which

were lost. Also lost along the beach were vending machines valued at $35,000,

as well as approximately $30,000 inventory of bottles, cases, and illuminated

electric trademark signs. In the absence of telephone service, delivery

routes were re-established through personal contact bv salesmen. It took

about 4 weeks to fully restore the routes, excluding the establishments that

were destroyed.

Pecan Sheller

Williams Pecan Products Co. has about 30 employees. This company pur-

chases pecans grown in the Mississippi Gulf Coast area, shells and grades

them, and sells the meats to markets generally outside the area.

The tides from the hurricane did not reach the plant, and from the

street the building appeared almost undamaged (Fig. 14b). However, the roof

had suffered enough damage so that substantial wind-driven rain and saltwater

was blown into the building. This roof damage was not visible to an untrained

observer scrutinizing the 1:10,000 scale aerial survey photographs.
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II

I

A. Seven-Up Bottling Plant. Significant-appearing exterior damage
but equipment damage was easily repaired

g~

B. Williams Pecan Products Co. Exterior damage appeared insignificant
but equipment and inventory was severely damaged.

Fig. 14. Typical Appearance of Plants Inland of Gulfport, One Month After
Camille
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The major equipment damage was due to airborne water (which contained

an appreciable quantity of salt) which penetrated through the damaged rocf,

This water got into the refrigerator (whicY had lost power) and contributed

to the mildewing; subsequently the Food and Drug Administration condemned

over 1 week's finished production. The water also rusted much of the machinery

and damAged beyond repair most of the electronic grading equipuent. Repiace-

ment grading equipment was not available locally and required 7 to 8 weeks for

delivery. Temporary repairs to the structure and permanent restoration oi

production equipment was accomplished by plant personnel in 8 to 9 weeks.

Grading adds about 3% to the value of the product. Production of

ungraded nutmeats could have begun in about half the tim' actually required,

using self help and a local roofer. Further, in an emergen%.y, the mild uvd

proauct probably could have been salvaged for human consumption.

Bakery

This small downtown bakery produces rolls and cakes for local trade.

Although the bakery suffered very slight physical damage, putrefaction caused

serious problems. The proprietor did not take the precautior of cleaning up

thoroughly Sunday after work. The next day, electric power was unavail-

able and the proprietor still could not clean up because the interior of the

bakery was unlighted. As a result, all loose flour molded and the required

cleanup took several days.

Eighty percent of the bakery's normal trade - beach resort - was lost,

but enough retailers inland were picked up as customers to almost compensate

for the loss.

4
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Meat Packers

Dedeaux Packing Co., with about 35 employees, is a rather imall facility

and depends primarily on hand labor. Electric power was lost and minor

structural damage occurred. Electrical power was supplied through a Civil

Defense portable generator o keep the refrigeration units going, thereby

preserving inventory in the freezers. Commercial power was off for over

2 weeks.

Restoration of production was hampered by labor shortages. On the

other hand, the demand for meut products increased for a short time from

3 head per day to 20 head per day.

Milk Distributor

idarber Pure Milk is a distributor that has plants at scattered loca-

tions over two states. The local distributor employs about 25 persoi;i.

The operation is sufficiently integrated that plants can double up to c)a-

pensate -for lost plants. The operation includes a number oi trucks tnu

drivers.

The facility, use. mainly as an office and for storage, suffered only

superficial damage and power outage. Route service was somewhat impaired

becease of street and traffic coditions.

Response to the emergency was prompt. It included transorting ice

into the area to preserve milL stocks at retailers, and bringing in packaged

water within 12 hours after the hurricane and distributing it as needed.
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Dairy Association

The Gulf Coast Dairymen's Association provides marketing service for the

raw milk of 60 dairies and has about $3 million in sales per year. The dairy

operations in this locale generally are highly mechanized. Cattle feeding,

milking, and milk processing are done by machine.

Power loss affected all dairies and lasted from 1 to more than 16 days.

'.4is was the most serious consequence of the hurricane because every phase of

milk production, including storage, depends on electrically powered equipment.

Milking by hand was limited by the shortage of trained personnel.

Several types of emergency action were taker to maintain milking opera-

tions. A 35-kw Civil Defense generator was mounted on a truck and moved among

four dairies to supply power for milking cows and refrigerating the milk.

This action was highly successful. No other portable generators were available

immediately following Camille. Some milking machines are vacuum actuated;

these were attached to the intake manifold of gasoline engines. This mode of

operation was satisfactory but very slow. 'The milking rate was reduced to a

bare minimum. Fresh cows were milked once a day instead of twice, and the

cows which were drying up were not milked at all. Teat dilators (a device

that dilates the duct in the teat sufficiently to allow milk to flow) were used

as a last resort with disastrous results; about 20 to 25 (or 50% of those so

treated) became infected and had to be destroyed. Altogether, about 8% of

the cows were lost for milking and were sold for beef.

All dairy farms but one had a loss in production because of Camille.

The moat important reason was lack of electric power. Figure 15, derived

from information supplied by the dairy association, shows the restoration

of production and the restoration of dairies following Camille. This figure
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Fig. 15. Recovery of Dairies Following Camille

shows that, in general, power was restored to the larger producing dairies

quickly (within 3 days, production was back to 50% from 35% of the dairies).

The total milk production lost is equivalent to about 4.7 days' full

production.

The Gulf Coast Dairymen's Association is now preparing a disaster plan.

In addition, about one-third of the dairies have purchased emergency power

generators.
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DEBRIS CUZAidNCE

An enorwous arount of dbris was created by Hurricane Camille.

Apparently most of this debris was caused by the action of the waves coming

in on the rising tide. These waves poui.ded structures to pieces, uprooted

trees, and washed floating debris inland to the approximate location of the

higb-tide line. Masonry debris and other heavy debris was moved for shorter

distances. Consequently, most of the debris that blocked roads and streets

was low-density debris, pr l arily wood in some form. In addition, the high

wirns felled many trees over a very large area of the Mississippi Gulf Coast;

many cf these fell across roads. Occasionally, tornado-like winds moved

entire houses off their foundations and into the streets, partially blocking

then, or demolished structures and scattered the debris Into the streets.

Other storm action disrupted highways and bridges. The maiL highway,

IS 90, v four-lane highway whirh runs along the coast from Bay St. Louis to

the Ba) of Biloxi, was badly battered by the storm. The highway bridges over

the Bay of St. Louis and the aa) of Biloxi were both thrown out of alignment

by tht, battering action of the waves so that they were virtusliv impassable

by auto. The highway between these bridges uas choked by debris in spots and

undercut both by wave action And by tne receding waters, so that large portions

of it collapsed and wer-, Impassable. Fergency trarsportation operations vere

severely curtailad because of he loss of this important highway.

Fire-,Stop Prgra,

Debris clearance p~oc.•,•d in five stepb:

I. Opeing all rw'ads tc emergency vehicles

2. Opening all roads to two-way traffic

3. ki'ad'rade debris oolleiýth.-

4. Cleanup of condemned property

5. •achl c'eanu4
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The manpower, u •nan.age. .o n fu.ading which contributed to the

debris-clea,•'Ae operatio- .-. from many sources. The first step was

accr:•p - by the local Public Works Departments with support from the

TVIa construction Battalion Base and local contrcctors. The second and

th•i.rd steps were started by Army Engineer units and continued (together with

the four-,h and fifth steps) by private contractors from a six-state area

-ider tne management of the Army Corps of Engineers (Mobile District) by the

uirection of the Office of Emergency Preparedness (OEP).

Step 1. Openitig Roads to Emergency Vehicles

The day after the hurricane, work began on opening a single lane for

emergency vehicles. Two miles of lanes for fire engines and ambulaices wre

opened in three days. Debris was moved aside to clear a path for vehicles.

The Public Works Departments had 20 to 30 chain saws and 3 front end lo&ders

for this work. The Navy Sea Bee Base supplied two battalions to civil authorities

and portions of these constructi•n units helped open roads. Local private

contractors also contributed bulldozers, etc., and nl>•rators. We gather that

efforts were concentr4to4 f, the most restricted parcs of the important arterial

streets,

Step 2. ýpV

O "r t:reets and roads were similarly opened for two-way traffic during

tiis stco in order to provide access to all parts of the stricken areas and to

clear utility rights of way. thereby permitting access by utility crews for

the restoration of utility servIce3. Debris was moved off to the sides of

the highways, roads, and streets into windrows and heAps so that traffic

could resume. *.ch of the street-block.Ag debris was In the torm of tfllen

trees and water-driven building debris. The trees were frequentty cut Into

managesble lengths with chain saws to facilit~to their removal from the

traffic Isneb.

45
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This work, under the .- ry Corps of Engineers, was designated "Phase I."

Five civilian contractors, working for the Corps, began opening roads by the

third lay following the hurricane. These contractors had a total peak force

of 121 men, 84 pieces of heavy equipment, and 26 chain saws. They had opened

all major access roads after 1 week of work.

Two groups of Army Engineers, totalling 920 men and their equipment,

arrived within a week after the hurricane and, under the general direction

of the Corps of Engineers, In 2 weeks cleared 338 miles of streets and dis-

posed of 17,000 truckloads of debris.* By this time enough civilian contrac-

tors were operating so that Army assistance was no longer critically needed.

The Army units were then withdrawn.

Step 3. Roadside Debris Collection

This step included collecting the windrowed debris from Step 2 (Phase I

of the Corps work) along the sides of streets and transporting it to designated

disposal areas north of each city along the Gulf Coast. Clearing operations

extended to 10 ft beyond the street edge in order to pick up as much debris

as possible from private property without going onto the private property.

t This operation required three passes. The first was primarily street

debris. Because property owners were encouraged to remove debris from their

oroperty and set it at tho side of the road, the second and third passes were

primarily trash and debris from private property. The first pass accounted

for about 75% of the debris; the second pass, 15%; and the third, 10%.

The Corps of Engineers organized the disaster area into 20 parcels

of about 5 scuare miles each and designated a dump site for each. Then con-

tractors were selected for working each of the parcels. This operation was

designated by t.p Corps of Engineerm as "Phase II.1

From briefing notes prepared by U.S. Army 'orps of Engineers, Mobile
District, 8 Sept 1969.
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Dump areas were chosen that would be as far removed as possible from

residences, but the attempt was made to minimize hauling distances (Fig. 16).

Existing dumps were used where possible. Some dumps were designated for burn-

ing, others for filling and covering, still others for dumping. The smoke from

one dump designated for burning became very objectionable to nearby residents;

the fire was extinguished only after several weeks and great expenditure of

effort.

The Phase II operation included hauling about 70,000 loads of debris

during the three passes. The debris had been scattered nonuniformly over

the 740 miles of roads, being entirely absent over many miles and extremely
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Fig. 16. Contract Parcels, Mississippi Cleanup Operations
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thick over others. Uniformly distributed, the amount collected would have

constituted a 3-ft-wide windrow, 1 ft deep, on each side of the 740 miles

of road.*

Step 4. Cleanup of Condemned Property

This step included debris removal and building demolition from private

property in the interest of public health and safety at the request of the

U. S. Public Health Service. The work was managed by the Corps of Engineers

and was designated "Phase III" by them. The Corps of Engineers obtained the

necessary liability releases from property owners for this work so that

contractors could operate on private property to clear all debris from the

property.

Those portions of parcels that were designated for Phase III debris

clearance were subdivided into 300 by 300 ft squares. This unit area was

chosen because it could be readily visualized and provided a useZul incre-

ment for measuring daily progress. The Corps estimated that the average

square could be cleared by removing about 70 truckloads of debris.

Step 5. Beach Cleanup

The beach cleanup operation was somewhat similar to the Phase III opera-

tion, except that, because the beaches are generally not private property,

liability releases were not required. Further, the techniques of beach

cleanup were readily mechanized (Fig. 17).

This estimate assumes trucks carrying one-fourth of their cubic capacity.
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A. Scraping Debris into Heaps

3. Debris Heeps Ready for Rsaovsl to Dump

Fig. 17. Beach Debris Cleanup Operation (Sept 1969)
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Contracting for Clearance

The Office of Emergency Preparedness ordered the Army Corps of Engineers

into action on Tuesday, August 19. An emergency area office was

established in Gulfport on that day. This office grew to a complement of

17 officers and 44 civilians who assessed the clearing problem, determined

priority for clearing operations, prepared bid requests, evaluated proposals,

and awarded contracts to civilian heavy-equipment operators.

As mentioned, the Gulf Coast area was divided into 20 separate contrac,

areas or parcels as shown In Fig. 16. Each parcel was the subject of a

separate contract to be awarded on the basis of successful competitive

bidding. Bidding was initiated soon after the storm, and within 2 weeks,

contracts costing $2.7 million had been awarded for the Phase II opera-

tion, which was scheduled for completion within 45 to 60 days.

The Phase III operation was initiated shortly after the Phase II

contracts were let, mostly using the same contractors. Thus the Phase III

operation was largely an extension of the Phase II work. The Phase III

opsration was expected to continue for several months.

Contracts were let on a labor and equipment-time basis. Other

alternatives that were considered were fixed price and cost plus fixed fee.

The latter methods require preparing an estimate of the work to be done

prior to the awarding of the contracts. This estimating could not be

performed fast enough to allow prompt commencement of the work. Further,

a fixed-price contract was considered Infeasible because of the large number

of litigations that could arise as a result of differences in opinion

concerning necessary contract variances in the course of work.

As a result, all contracting was done on a manpower and equipment-time

basis. Contracts ran for 30 days, at the end of which they could be

terminated or renewed. Further, contractors were given about 10 days to
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get their equipment together and to get their operations organized; the

Corps of Engineers retained the option of terminating a contract 5 days

later (15 days total) if a contractor dswed he was obviously unable to get

his operation underway. The Corps did not feel it necessary to terminate

any contracts after 15 days; however, one contract was not renewed after the

30-day period.

Debris Clearing Operations

Debris clearing consisted of a series of separate operations that

included gathering, loading onto trucks, hauling, and dumping. Often the

"gathering" required cuttint jteces to a manageable size and demolition of

hazardous structures.

A military team for debris clearance included:

5 dump trucks (10 cu yd capacity)

1 bucket loader

2 chain saws (22 in.)

1 saw file

8 men (minimum)

These crews operated on an 11-hour day, each truck making approximately 10

round trips to the dump site.

Civilian heavy-equipment teams were similarly organized, using three or

four dump tracks per loader. However, the dump trucks had capacities of

10 to 26 cu yd and the loaders available to the civilian contractor were of

assorted types, most of which were considered less efficient, for the typo %:

debris present, than those used by the Army. Civilian teams managed about

8.5 loads per day per truck.

A
A 36-in. chain saw would have been a better choice bad it been available.
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Table 3 shows statistical data for the debris-clearing operation as

gathered by the Amy Corps of Engineers from 9 contractors working the

20 parcels. Table 4 shows how the effort and progress varied for one

parcel over 9 days.

Many different types of equipment were used for loading debris onto

trucks. The front end loader with a standard bucket was almost useless for

clearing brushy debris because it could not hold onto large pieces while

maneuvering them onto the trucks. The types of equipment that had grapplers

were effective in loading debris onto the trucks. The "Prentiss" type loader

was by far the most versatile loader. However, for specific debris clearing

tasks, other types of loading equipment were more useful (Ref. 13). For

example, cane loaders were especially useful for very bulky and lightweight

debris, but they were less effective on large pieces of heavy debris. The

standard 4-in-l loader as used by the Army wawi also highly satisfactory for

loading bulky debris onto trucks.

The tailgates of trucks were removed for the debris-hauling operations

so that trucks could be dumped more quickly (Fig. 18). Although this mode

of operation facilitated dumping, it had several disadvantages. Trucks

could not be loaded to more than about one-half their capacity, and debris

very often bounced off the backs of trucks during transport, thereby

littering the streets and creating minor road hazards. Trucks usually

appeared to be hauling only about one-fourth their cubic capacity, but this

estimate Is based on casual observation and not on a statistical sampling

st a control point. Trucks were often forced to queue at the entrance to

dopt which was wasteful of equipment time.
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Table 3

ARMY CORPS OF ENGINEERS DIBRIS-CLSARING OPERATIONS

Totals
Item 21pical Day* to Sept 15

PERSONNEL AND EQUIPMEWN

Contractor Personnel Working** 2239

Total Pieces of Equipment Working
Loaders 177
Dumps Trucks, Phase II 509
Miscellaneous Equipment 517 1421

WORK ACCOMPLISHED

Truck Loads Delivered 6309 70,215

Phase II Operation
Miles cleared Pass 1 39 678

Pass 2 36 440
Pass 3 24 73

Total miles to clear 740

Phase III Operation
300' squares cleared 27 60.5

Sept 15, 1969 9 contractors working 20 parcels

Table 4

NINE DAYS' OPBMTICK Oi PAR3= 6

80 70
i M 154 10? 0 so? as 3.0 "41 tS 0

is 341 314 114 0 214 $3 3.3 we a 0

11 $41 MS 11 SO N is 3.4 624 7 10

is 311 344 is ?7 So s 3 .0 "1? 4 9

is kla *11 so 14 94 30 3.) 1 ft 10t
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op

A. Heavily Loaded Truck Headed for the Dump. Note that the load
overhangs the truck bed.

S. Loaded Tr•kost Awaiting Natrance to Duimp

fig. 18. Debris hiulUlW
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MISCELLANEOUS OBSERVATIONS AND FINDINGS

While conducting interviews and site inspections in the disaster area,

several items of ci±.1 defense and emergency operations interest, but not

directly related to the objectives of this study, were noted.

Military Support

The Navy Mobile Construction Battalion located at Gulfport and the Air

Force unit located at Keesler AFB, Biloxi, both offered assistance to the

local government following Camille. The Navy SeaDeels bad training and equip-

ment that were of great immediate benefit. They contributed 2 battalions

(about 1500 officers and men) for 2 days following the hurricane. These

battalions performed rescue work and debris clearance and assisted the public

utilities. In addition, the SeaBee base loaned the Civil Defense Director

many portable emergency power generators. The Air Force generously supplied

manpower and vehicles. The National Guard was mobilized and acted imediately

to maintain law and order, to restrict the flow of sightseers into the area,

and to help direct traffic in the downtown areas where traffic lights were

not operating and congestion was severe. Then the Army Engineers arrived for

debris clearance, as discussed earlier. All of this ailitar-/ sapport was an

important contribution and was appreciated by the Gulf Coast residents.

Reference I describes details of these and other Federal actions.

Remedial ,vesiont

A remedial movement operation occuta-ed during the height of the hurrl-

cane at the Soaflo bas*. The Seoaee headquarters learned, through radio

camunications with the occupants of warehouses used as shelters, that the

windward wells of four warehouses were ccing apart and exposing the interior

of these warehouses to tthe fierce debris-laden winds. Those four warehouse

held between SM and 1200 men and of ficer*. The warehouses had to be

evacuated. The question was only bow to effect the move mot quickly and

saf, ly.
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A nearby warehouse (about 1/8 to 1/4 mile away) was already housing

a large number of military dependents. Eight amphibious tractors were

mo!,ilized for assistance. The relocation operation took 30 to 40 minutes.

Only about 12 men were injured, a very small number in view of the debris-

laden winds (over 100 mph). Further, the injuries were not serious. The

men were treated and released. During the move, discipline was maintained

to an acceptable level.

The receiving warehouse, consisting of three 200-ft by 200-ft bays,

eventually sieltered about 3,000 people. One of the bays similarly became

uninhabitable and the shelterees then crowded into the remaining two bays

containing heavy equipment and supplies. As the building became more crowded

and the possibility of collapse increased because of ever-increasing wind

intensity, people took refuge under the heavy equipment for additional

protection. An excellent level of self-discipline was maintained throughout

this extremely hazardous period.

Civil Defense Coordination

The Harrison County Civil Defense Director, Wade Guice, had a hurricane plan

(Ref. 12) that was activated on first warning of the Weather Bureau. During the
entire period, from warning until the emergency had subsided, the CD head-

quarters operated as an effective communication, information, and coordinating

center, through which resource acceptance and distribution was coordinated.

The National Warning System (NAWAS) provided an invaluable communications

link. The NAWAS circuit is a land line voice communications and is linked to

Civil Defense and Police Departments in Pascagoula, Ocean Springs, and Biloxi,

to Harrison County Sheriff's Department, the Gulfport Highway Patrol, and

Gulfport and Harrison County Civil Defense, as well as the State Civil Defense

Office. NAWAS was the only 100% operational communications for many days

between these agencies.
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Civil Defense rescue trucks were deployed and operating during the

hurricane. Cne truck was trapped by rising tides and was lost. The many

others made a substantial contribution, especially in rescue work and in

plugging gas leaks.

Volunteer Supplies and jervices

Many companies and individuals rushed supplies and assistance to the

Gulf Coast area. Many of the Gulf Coast businessmea made their resources

available.

Giant Foodstores, Inc., and De.chemp Foodstores provided more than

43 truckloads of food to the Civil Defense authorities. This food was placed

in 12 distribution centers located in churches and schools throughout the

area. Food was offered free in 1-day rations. These distribution centers,

which operated for about 10 days, also supplied clothes and bottled drinking

water.

After the 10-day period of or.:.ation of 'he 12 food distribution centers,

the Red Cross arrived and re-oriented the dist. '.rution center system. The

12 centers were replaced by one large distril'ution center, which enabled

much better control over distribution and reduced the cost of distributing

food to the populat.on. MAny weople who needed food, however, lack the

transportation to get .o &his distribution center and therefore were hindered

in their effort to obtain aid.

Packaged water was supplied by soft drink bottlers, breweries, and milk

distributors, and bulk wate• was brought in by milk tankers for a period of

about 2 weeks, while locally supplied water was of questionable safety.

Clothing poured into the area from all over the natton. However, it was

not as critically needed as were water and food. Further, it was unsorted,

and therefore any distribution that would not have been wasteful would have

conatmed much labor for sorting.
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A railway car of chain saws was located in the vicinity of Gulfport.

The owner or consignee was quickly located. He authorized re-routing of the

car to Gulfport so that this equipment could be used to help clear the

streetsq.

The ice industry in the outlying areas shipped much ice into the

disaster area to preserve perishable products (especially milk) that were

without refrigeration. Ice was also critically Deeded by the morgue.

The surviving hotels and motels often allowed repairmen to use their

room free.

A Humble Oil Co. truckdriver, upon hearing of the scope of the disaster,

drove his gasoline tanker into Gulfport and located it across the street from

the Civil Defense headquarters. He then dispensed gasoline to emergency

vehicles for the next 3 days without charge and did this despite a severe

attack of influenza. This service was especially valuable, for although

there was much gasoline stored underground at service stations, this gasolinu

was largely unavailable because of loss of electric power for pumping the

gasoline.

FDA and PMS Involvement

The safety of the public and the possible danger to public heFlth

arising out of the disaster spurred Food and Drug Admim-.tration snd Public

Health Service officials to speedy action. Thogy ver. quickly issued warnings

not to drink water from the public water supdly until test results had

indcated the water was safe and £1so quickly condcaned Lnd ortared destroyed

frosen meat that had lost refrigeration. ThI. latier uction caused a ripple

of dissension. The Sheriff's Department had to supply mob tu guard such

"suspect" weat until it was removed frcm thc colJ ktvrage ares and moved out

to the dumps, where it was destroyed.

2,8
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t6reet-Sisns

Many street-signs were destroyed as Camille crossed the coast. This

was of minor consequence to the local citizenry. However, the state disaster

office supplied a number of expediters to the disaster area and these persons

frequently lost their way around the town, especially in the areas close to

the beach.

Economic Status

A study of the economics of the Gulf Coast as shaped by Camille would

be a massive undertaking. However, our observations, made with our own

particular bias, may be indicative of the type and scope of the problems.

The timber industry is the largest industry in the area and undergirds

much of the economy. Damage to timber was extensive and required immediate

attention as was mentioned earlier. As a result sawmills and other buyers

of timber were deluged with logs of uncertain quality. In order to maintain

an equitable (and, under the circumstances, high) price for these logs, the

largeat of the buyers made greater economic concessions than might have been

expected.

The motel industry, another major source of income, was almost wiped

out as it was confined to the waterfront. This is expected to depress

income froee tourism for almost a year, which in turn will reflect on the rest

of the economy.

The fishing industry, also located on the waterfront, was almost wiped

out. This will probably rebuild quicker than the motels but nevertheless

represents an important medium-term loss of revenue to the city of Biloxi.
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The pecan orchards were very badly damaged and will be producing at

lower than pre-storm level for 2 decades. Local pecan shellers will be

forced to buy pecans from out of state. This will add to the cost in two

ways: buying costs will be higher and transportation costs will be higher.

Yet their markets will be the same as before the storm. Therefore they will

find themselves in an unfavorable competitive position compared with their

pro-storm status.

Post-storm debris clearance operations, which paid wages above local

scale, absorbed almost the entire local floating labor pool and, additionally,

drew in many laborers and semi-skilled workers from local industry, thereby

hampering the restoration progress of many, particularly the smaller ones.

The overall impact of Hurricane Camille on the economy of the city of

Biloxi wa& that it knocked out about 90% of the industrial base for at least

30 days. Consequently, the revenues to the city were greatly restricted, and

it Is estimated that for the next several years, its yearly earnings will be

only a fraction of those for 1968. To compound the problem, the city

incurred increased expenses due to the damage and rebuilding required to

restore services. The city of Biloxi was faced with the problem of perhaps

not even being able to meet payrolls and feared that it was insolvent.

The federal and state governments moved very rapidly to mitigate

Camille's devastation. "Hurricane Camille - A Month of Federal Action"

(Ref. 1) gives an overall view of the scope soon after the storm of just the

federal programs aimed at helping the Gulf Coast to rebuild.

omincy Electric Generators

Several low-lying hospitals lost their installed emergency power

generating capability when the rising tide flooded their emergency genera-

tors. Apparently they had no provision for keeping these generators dry.
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II

Fig. 19. Civil Defense Generators at Gulfport Airport (Sept 30, 1969)

Large numbers of portable emergency electric generators were shipped into

the area as soon as the hurricane subsided. Many of these never saw Rervice

(Fig. 19). Others were delivered to sites where they could be used but were

not connected. Some, as noted, were used effectively and were greatly appre-

ciated by those who benefited. No adequate explanation for the poor utiliza-

tion of some of the generators wab apparent.

Civil Defense Exercises

The Civil Defense offices in the major towns and cities of Harrison

County, Mississippi, had an OCD exercise that simulated a mnclear attack.

This exercise took place about 3 or 4 months before Hurricane Camille.

Those involved in the exercise remarked that it sharpened their skill and

made then more aware of their responsibilities and capabilities, so that they

were able to be more effective during the Camille disaster,
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DISCUSSION

The documentation of restoration and reconstruction effort following

Camille was uneven in detail and quality. Although we were given access to

available information and data, we found that it was not suitable for analyz-

ing the restoration problem quantiteA vely, The information that was collected

was more closely related to the data requirements of conventional cost account-

ing practices. That is, a description of the resources in the form of account-

able items such as labor, machinery, and supplies, was well documented; however,

these resources were not closely identified with the degree of damage, esti-

mated restoration effort, or work performed, except in the broadest terms.

Therefore, the information relating to restoration efforts following the disas-

ter would be applicable to planning for future disasters only in general terms.

Debris Removal

Debris removal, which was supervised by the Army Corps of Engineers,

was an enormous task. The data required for cost accounting between contrac-

tors and the Corps of Engineers were most carefully collected and tabulated.

However, as stated above, these data were not directly useful to developing

predictive techniques. Useful information that we were not able to locate

includes data on debris, truck loading, and hauling. Debris factors include

type and composition (limbs, lumber, mortar, etc.), density (amount per

square yard), and areal distribution; Truck loading factors include weight

or volume of each load (or even of sample loads) and debris type. Hauling

factors Include haul distance, road conditions, e.g., traffic congestion,

and time lost awaiting entry to the dump. URB and George Wickham of Jacobs

Associates made Smo "back of the envelope" calculationr and estimated that

debris hauling rates may have boen as high as one-half or as low as one-teiath

tho work rates calculated using formulas and factors developcd by Jacobs for

postattaok road opeming operations (Ref. 5). The work rates in Mississippi

wore not unreasonable when one considers qualitatively several factors that
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are not included in the work-rate formulas: contracts were let very quickly

so that work could get underway; contracts did not contain any strong incintive

features; many of the crews were untrained; experienced foremen were •

short supply; hauling distances were much longer; traffic conditions between

the loading point and the dump were bad; and traffic jams often occurred at

the dump entrances. All things considered, the debris hauling operation

progressed about as well as one would expect under the circumstances.

Debris Estimating Using Aerial Photos

Debris estimating can be done by applying common photo-interpretation

techniques to aerial survey photographs. Aerial survey photographs were

taken of the Gulf Coast area on the third day following the stors. They were

available for examination a few days later, but by this time the Phase I road

clearing operation was well underway and several of the Phase II contracts

had been let. Therefore they were not useful as a basis for writing contracts

to be let soon after the disaster.

These aerial survey photographs revealed very clearly major debris

blockages of roads, even to relatively untrained observers. Two examples

showing wind-felled trees and water-driven building debris ame given .n

Figa. 20 and 21. These are enlargements from aerial survey photographs taken

at a nominal scale of 1 to 10,000, from an altitude of 5,000 ft. The

enlargements were made from contact prints; therefore, these enlargements lost

considerable quality over what could be obtained by enlarging or from viewing

the original negatives.

Color transparency aerial survey photographs were also taken about the

sme time. The color transparencies showed very vividly the debris line left

at high tide. When examined on a light table through a stereoscopic viewer,

these photographs show debris heaps clearly enough so that an untrained

observer could estimate their height by comparing them to obje to of known

height. Figure 22 shows debris from an oblique aerial photo taken at kbout

500 ft altitude.
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From fa11ac.-Zingery Photo

I i

fig. 20. Fallen 7tres In Gulfport (Aug 20, 1969). North
lIsup (Stereo pair; salne, about 111500)
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?rme Wallace-oZingr Photo

fig. 21. Water-Drivon Debris In Biloxi (AuL 20, IS, ). South (and
the Oulf) is up. (Stereo pair; scale, about 1:1500)
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From Audrey Jkrphy Photo

Fig. 2. Water-Driven Debris in Biloxi (Aug 20, 1069)

ftoum Btforts

We gathered that a great deal of effort was directed toward the *earch

for persons who might have been njurmd or trapped. We queried several of

tbooe who ware in obarge of roscfe operations. Invariably they felt very

strongly about the importamoe of rescue work and felt that rescue should have

been given more support. further quwiry on our pert revealed that no lives

were saved as a result of rescue efforts conducted more than a day after the

store subsided. This leads us to question the value of rescue worl performed

at so late a period. The question to not whether or not rescue should be
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performed, but rather what proportion of available resources should be applied

to rescue and how to persuade emotionally involved persons to direct their

efforts toward other, equally important operations.

Approximately 100 bodies of hurricane victims were recovered by search

teams. These were brought to a local morgue for identification and preserva-

tion. The morgue was without refrigeration because of the lack of electric

power. Much of the ice that was trucked into the area was required by the

morque. This experience showed that operating a morgue at an acceptable

degree of risk to health would be an enormous problem in the poststtack world.

Mutual Aid

We found no evidence that planning in the smaller companies included

mutual aid, either by combining preparatory actions before the hurricane or

by combining restoration efforts afterward. Only in one instance (Glenbrook

Labs and Gulfport Glass) did we clearly see the possibility of a fruitful

mutual atd arrangement. The Gulf Ooast wat never isolated to the extent that

it had to rely entirely on its own resources, therefore mutual aid agreements,

if they existed, would not have been very apparent.

The public utilities and Standard Oil did have arrangements to obtaiu aid

from affiliated companiva In other areas. This type of planning was of great
value in restoring these establishments following the hurricane, and should

be equally valuable for restoration following a small nuclear attack. It

would be of less value following a large-scale attack.

Reliance on Civil Defense

We found very little evidence that, before the huricans, Industry hbd

a slinificant interest in civil defense. following Camille, civil defense

was recogaIsed as an important local function. Mary of the facilities we

visited gave high praise to the local Civil Defeo" Director and to the

valuable astlitance given by the local Civil Defense headquarters.
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The hurricane warning was taken seriously by almost all of th,ý

establishments we contacted. Relatively costly preparations were initiated

in Gu!fport, Biloxi, and Pascagoula, even when it appeared that Camille would

cross the coast of Florida and miss the coast of Mississippi by several

hundred miles.

Apparently the quantitative (magnitude and direction) intormation

communicated in the Weather Buleau advisories and bulletins was used as a

basis of planning insofar as time permitted. But Camille rapidly developed

extreme intensity shcztly before striking the coast so that, in several

instances, the preparatory action, sIthough ctensive, was inadequate. The

situation accompanying a wa!nIng of possible nuclear attack would be

considerably intensified over that of a hurricane warning. Very likely less

warning time would be given and predictions of possible impact site would

either be unknown or only vaguely known. Later, should there be a threat of

fallout, predictions of areas likely to be threatened by the fallout would

probably be no more certain than those regarding the path of the hurricane

and again, less time would be available for taking useful action following

the warning. Nevertheless it nzoes appear that such warning would be useful

to and appreciated by most industrial segments.

The Problem of the Smalle: Plant

The smaJ. or plant seems to have farwd somewhat more poorly than the

larger nnts. This may be attributable to several factors which include:

9 Larger plants seem to be better constructed, and perhaps
newer#, and better maintaineo.

SLarger plants have a larger reservoir of personnel from
which to draw, but of course they have more complex and
greater operating problems:
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It



792-2

9 The financial base of the larger companies is probably
better, which allows thim to order replacement parts
freely and is probably a factor in attracting people back
to the plant more rapidly, since they feel assured of a
wage. (Some snaller companies report that absenteeism
was much higher than usual, their workers ipparently being
attracted by higher wages offered by outside contractors.)

Injured

Upon reflection we do nat recollect nor did we find in the after-action

reports (Ref. 11) any meation of a large number of persons seriously

injured during the storm or of a call for large quantities of blood. (We

conjecture that most of the deaths were due to drowning.) We conclude that

few persons were seriously injured compared to the number killed. In this

respect, injuries due to the hurricane were substantially lower proportionally

than Jpauaese nuclear bombing experience and what ts expected from a megaton-

sized attack. With this low proportion of Injured, self-help (with only a

modest amount of outside help) was sufficient to cope with the medical

problem.

Attitude Towards Supporting Emergency Operations

Immediately preceding the hurricane and for a day or so following, the

attitude of almost everyone appeare' to be cooperative, outgoing and selfless.

When financial arrangements were made, they were accomplished quickly and

were not allowed to interfere with the progress of the job.

Within a few days '.he attitude changed markedly. Financial arrangements

took on much greater importance. Willingness to help appeared to diminish In

importance. Institutionalized aid grew in strength as national organizations,

and state and federal governments sent officials and workers from distant

points into the disaster area. By the time we arrived (a month after the

hurricane), we found more than a little bitterness expressed In describing the

work of many institutions, even though the express purpose of these institutions

was to help relieve the suffering of the population and to help improve busi-

ness and economic conditioxis.
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We have no constructive suggestions to make relative to this problem.

Perhaps we have not even identified the problem but only described some

symptoms. Nevertheless the situation may merit further sociological study.

Investigating and Interviewing Comment

Arriving at the Gulf Coast at the time we did - although accidental -

proved to be appropriate for a d0saster of this scale. Events were still

fresh in people's memories, yet they had time to talk with us. Most

telephones were operating, power was restored, and roads were passable.

Interviews could have been conducted without these conveniences, but the

cost of the field work would have been much greater.

Camille Data Bank

Several other teams of investigators have studied other aspects of the

Camille disaster, and much data has been collected. Appendix A lists those

sources that came to our attention during the course of this project.

A Final Word

Many of the observations made in the course of this discussion are

based on hearsay and off-the-record conmments made during the course of the

interviews. Others reflect the author's impressions of the situation a

month after the hurricane.

The conclusions expressed in the next section are in part based upon

limited observatiors of the relatively small geographical area that was

ravaged by a hurricane of unprecedented power. This limited basis for

drawing rather general conclusions is at least partly offset by our experi-

ence in studying disasters and the effects of hypothetical nuclear attack

on industry, experience which has been incorporated in the conclusions set

forth.
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Section 3

CONCLUS IONS

DEBRIS REMOVAL AND CLEANUP

The opening of major arterials should be assigned the highest priority

followivg a major disaster. Such action is required to provide lanes for

emergency vehicles engaged in lifesaving activities and to provide routes

that will allow recovery efforts to progress. The effort and resources

involved in opening major irterials is relatively minor. On the other

hand, removal of debris for health and reconstruction purposes, which requires

massive commitment of manpower and resources, should proceed at a lower level

of priority.

Present data-collecting practices for debris cleanup operations are

inadequate for measuring work rate. These practices should be modified so

that suitable data can be collected in the course of future operations.

INDUSTRY

Continued operation of manufacturing and production establishments in

the face of a severe hurricane is impractical at best. It is safer and more

practical to shut down almost all facilities except those providing vital

services. All processes that can be shut down should be stopped; all non-

essential personnel should be sent home or to shelters and the facility either

left unattended or in the keeping of a small security force. On the other

hand, If the facility is built very substantially, its use as a shelter for

employees, their families, and possibly the public should be considered.

Facilities located on the waterfront are inherently vulnerable to damage

by the rising tide from a hurricane. These include seafood canneries, sewage

treatment plants, port facilities, etc. Not much can be done to reduce the

vulnerability of these low-elevation facilities.
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Wuring hurricane season (and as a part of increased readiness prepara-

tion) industry should control the amount of loose material stored in the open

so that all such material can be properly stowed during the warning period

through the use of labor and equipment whose availability can be relied on.

Commercial electric power to a plant to be left unattended should be

disconnected at the service entrance to avoid the possibility of short cir-

cuits within the plant and the consequent hazard of fire. Similarly, gas

should be shut off at the service entrance and also at each piece of equipment.

Plant utilities (boilers, generators, etc.) oZ plants to be manned with a

skeleton crew should be put on standby.

Damage Estimation and Repair

Interior damage, that Is damage to manufacturing equipment, cannot be

reliably estimated on the basis of external building appearance. Minor breaks

in siding and roofing can admit storm water, which, In turn, can seriously

damage electrical and electronic items and initiate rusting of production

equipment; such damage generally wouldn't be visible outside the plant.

At low damage levels, most repair and restoration work can and should

be performed by plant employees. Outside assistance will be required mainly

for glasing and roofing and for repair and replacement of electronic and

eloctrical equipment and controls.

Plants should maintain duplicate sets of prints in separate locations.

Blueprints and plans of plant layout and equipment are essential for rapidly

estimating damage significance and for planning and performing repair.

Those establishments that suffer moderate damage, Including loss of their

blueprints, will be at a distinct disadvantage.
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WARNING

Industry does make use of hurricane warnings issued by the Weather

Bureau. Industry can be expected to make use of other warnings, such as

a Civil Defense attack warning, if properly Informed regarding their import

and meaning.

SOIENKHC FIR SOUCES

Installed emergency power sources are highly useful In an emergency.

They are very valuable for maintaining operations that either cannot be shut

down or have a long start-up time. Emergency power sources are usaful for

maintaining plant Illumination and they can be used to expedite repair and

reclamation.

Eergency power generators should be provided permanent, extra-rellable

weather protection so that they will not be put out of service during a

storm as a result of flooding or entry of rainwater. The reliability of

generators not given this extra protection can be improved somewhat by pro-

viding tarps, etc., for temporary weather protection of the generator and Its

controls in case building siding or roofing falls, as can occur In severe

storm.

The operational problems for distributing, installing, and running

Civil Defense emergency power generators have not been solved and merit

further study.

UTILITIES

The hurricane plans of the Investor-owned public utilities (i.e., power,

telephone, and gas) are adequate for coping with localised disasters, but

these plans would be mwch less effective in case of a nationwide disaster,

In which cooperation among affiliated companies would likely be restricted.
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Public utilities should begin working closely with civil authorities,

civil defense, and with other local utility companies to prepare a coordinated

general plan for self-sufficient post-disaster operations and for the (perhaps

limited) reconstruction of the service area.

JMERGENCY HRALTH

Loss of potability of the water in municipal water systems represents

a considerable inconvenience to the population and results in inefficient use

of resources (e.g., chemicals, packaging materials, and labor) caused by the

requirement to treat and distribute water in small lots.

The current conservative practices of the Food and Drug Administration

and the Public Realth Service, that is, destruction of food and supplies

which way be tainted or contaminated, can lead to possible needless waste of

such resources at a time when food may be in very short supply, These agencies

should be prepared to supply guidance on the salvage of suspect or contaminated

materials.

CD 33MWIcU

Civil Defense exercises that almulate nuclear attacks or large-scale

disasters should he performed regularly. They are an especially useful device

for sharpening the skills needed for operating effectively during disasters.
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Section 4

RECOUKNDATIONS

DISASTER INVESTIGATIONS

Large-scale disasters and the responses to them represent an Important

source of information on the effectiveness of civil defense and related pre-

parations, on the weaknesses of current programs, and on improvements that

can be incorporated into programs in the future.

The Office of Civil Deferqe should continue to support directed site

investigations of disasters. All areas of civil defense appropriate to

a specific disaster should be included: emergency operations, industrial

recovery, debris removal, economic recovery, social system changes, the

response of institutions, etc.

DATA BANKS

Each disaster, and Camille would be included here, should be documented

by a "data bank" in the form of a library (or at least a bibliography) of

all pertinent information, saps, photos, reports, etc., so that disaster and

civil dpf.nse researchers can select from a comprehensive collection of

matrrials. Appendix A gives some sources of other information on Camille.

DEBRIS CLEARIN

The Corps of Engineers' file of data on debris hauling after Camille

should be screened once more, now that the file is complete. It may be

possible to obtain reasonable estimates for some of the parameters for which

we had inadequate information, such as haul distance and debris density, so

that production rates can be computed. This would be valuable feedback for

proof-testing estimating methods (such as hef. 3).
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Planning guidelines should then be developed for fut..re large-scale

debris-clearing operations. These guidelines should include a listing of

all factors of importance in debris hauling estimation and evaluation, and

descriptive information on the importance and application of each factor.

Future debris-clearing operations should make use of the planning guide-

lines and should be documented by engineers well schooled in production rate

estimating. Aerial survey photos, if available, should be used in a pilot

study of job-estimating. Experiments should be performed in the course of

these debris-clearing operations on candidate methods for Improving operational

efficiency, including varying equipment ratios, operating trucks with and

without tailgates (and tailgate modifications), employing various types of

incentive contracts, and testing various methods of measuring production

rates.

Debris disposal operations should make use of current waste disposal

technology. Studies should be performed and contingency plans formulated

that apply to large-scale operations following area-wide disasters.

FOM) UALTH STUMDAM

Inspection procedures and standards that are adequate during peacetime

disasters might Ifad to unacceptable wastage of food if they are applied during

a wartime national emergency. Present procedures for deciding the disposition

of fuods that have lost refrigeration, or canned goods whose containers are

damaged, should be re-ezemined and if found in need of revision, new guidance

on sate salvaging "etbods should be developed.

UINCV ILICYRIC ONIRPATORS

Mbthods for fully utilizing portable emergency electric generators

should be developed. The factors that merit study include establisbsng

priorities for the use of generators, requirements for managing their

distribution, methods of announcing their availability, transportation

reqirements for siting the generators, and requiremnts for an estimated
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availability of electricians for connecting the generators or adapting

instructions so they can be installed by non-electricians. Guidance that

is developed for the installation of emergency power generators should

include recommendations for protecting generators subject to flooding by

high water and recommendations for temporary emergency weather protection

of those in lightly constructed buildings.
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Appendix

SOURCES OF OTHER INFORMATION ON HURRICANE CAMILLE

Public Response to the Hurricane

Dr. E.L. Quarantelli, Disaster Research Center, Ohio State

University

Warntng Response bj the Public

Dr. Kenneth P. Wilkinson, Director, Social Sciences Research Center,

Mississippi State College, Hattiesburg, Mississippi

Business and Indzt-•• Damage Survey

Mr. Edmond brunini, Governor's Zmergency Council, Post Office Drawer 2470,

Jackson, Mississippi 39205

Aerial Survey Photographs

1. Wallace-Zingery Aerial Surveys, Inc., P.O. Box 476, South Houston,

Texas 77587

9 Black-and-white photographs scaled 1:10,000 (from 5,000 ft

altitude). Ptototraph!.d on Wednesday, Aug 20

2. Robert Piland, Acting Chief, Barth irsources Division, Manned

Spacecraft Center, NASA, Houston, Texas

* Black-and-white transparencies and color transparencies, scaled

at 1:10,000 (from 5,000 ft altitude). Taken on Wednesday.

Aug 20

e Infrared transparencies and black-and-white transparencies taken

at a scale of 1:60,000 (from 60,000 ft altitude). Photograpbed

on Wednesday, Aug 20
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Oblique Aerial Photographs and Surface Photographs

1. Audrey Murphy Photography, 309 Reynoir St., P.O. Box 575, Biloxi,

Mississippi, 39533

2. Gulf Publishing, Co., Inc., Gulfport, Mississippi

3. Graphic Press, P.O. Box 202, Biloxi, Mississippi
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Camille. The investigation covered public utilities; selected samples of the
manufacturing, chemical processing, and food processing industrtes- and public
works, including debris removal. The major topics covered during the interviews
were hurricane plans and preparations, emergency actions during the hurricane,
damage inflicted, and restoration activities.

The results are examined from the viewpoint of their relationship to civil
defense and restoration efforts following a nuclear disaster. Conclusions are
drawn that relate to both hurricane and nuclear disasters. Recommendations are
made on measures to reduce the effects of'such disasters and on subjects
warranting further study.
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Debris Removal

Hurricane Plans and Preparations

Wind Damage

Zndustrial Reergency Preparedness

Restoration of Public Utilities

Industrial Restoration

Water Damage
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